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Objective:

Combine HEP simulation experience with HPC quantum systems
simulations to provide an environment for executing large-scale
experiments with advanced analysis capabillities for studying
multi-qubit and multi-level reduced-noise, long coherence time
guantum systems such as 3D Superconducting RF (SRF) cavities
integrated with transmon qubits.
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Highly entangled states
are preserved in long
coherence time multi-
level 3D SRF cavities
(qudits) with potential
advantages over qubits
shown at left
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Current studies:

Understand the advantages of multi-level long coherence time
qudit devices (such as 3D SRF cavities) compared to multiple
qubit (two-level) devices. 0

# of photons = 2 # effective qubits -1

Entanglement Coherence (I'yy,/T qua)

e.g. 14 eftective qubits
correspond to 16383 photons
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The above was calculated by QuTiP! on a laptop. For larger scale
studies we need High Performance Computing and parallelized
simulation code...

A multi-cell 3D SRF cavity structure driven by an embedded superconducting transmon qubit

Fermilab is conducting experiments on 3D SRF cavity systems Simulations with QuaC:
with an embedded transmon qubit. We are simulating such QuaC2 is an open quantum system simulation that takes
systems with the work in this QuantISED project. advantage of High Performance Computing to solve the Linblad
master equation for large scale problems
dp i
op = —7[H+ H(t), + LC)lp]

QuaC takes input as low level state information or QASM
generated by gate circuit compiling tools such as Qiskit®
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For an arbitrary state compare state decoherence over time for multi-level qudit vs. multiple qubits. y axis
is log(decoherence rate). Dashed contours are the absolute fidelity for qubits (do not follow color scale).
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=3 Lower left of plots is good fidelity region. Right: Like plot at left, but improving the qudit

— Left: Compare 256 level qudit to 8 qubits fidelity decoherence rate by indicated factor. Contours are
—_ (color scale is fidelity ratio). Solid contour is where fidelity ratio is 1 (e.g. orange line is for qudit
;_. equal fidelity ratio. Decoherence rate is same for 2x better than qubit). At 20x better (brown), qudits
i qudit & qubit. Qudits are better in upper right, improve over qubits in the good absolute fidelity
i _ but this is where absolute fidelity is poor. region. Over 20x qudits are always better.
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